Abstract The Evaporation at Grid/Pixel Scale (EVA_GRIPS) project was realised in order to determine the area-averaged evaporation over a heterogeneous land surface at the scale of a grid box of a regional numerical weather prediction or climate model, and at the scale of a pixel of a satellite image. EVA_GRIPS combined surface-based and airborne measurements, satellite data analysis, and numerical modelling activities. A mesoscale field experiment, LITFASS-2003, was carried out in the heterogeneous landscape around the Meteorological Observatory Lindenberg (MOL) of the German Meteorological Service in May and June, 2003. The experiment was embedded in the comprehensive, operational measurement program of the MOL. Experimental determination of surface fluxes on a variety of spatial scales was achieved by employing micrometeorological flux stations, scintillometers, a combination of ground-based remote sensing instruments, and the Helipod, a turbulence probe carried by a helicopter. Surface energy fluxes were also derived from satellite data. Modelling work included the use of different Soil-Vegetation-Atmosphere Transfer schemes, a large-eddy simulation model and three mesoscale atmospheric models. The paper gives an overview on the background of EVA_GRIPS, and on the measurements and meteorological conditions during LITFASS-2003. A few general results are discussed.
Introduction
Land surface-atmosphere interaction processes play an important role in the energy and water cycle over a wide range of scales and exhibit a major influence on the diurnal cycle of near-surface values of temperature, humidity, wind, and associated phenomena (e.g., dew or fog) as well as on the spatial distribution of clouds and precipitation. Among these processes, the vertical turbulent fluxes of momentum, heat and water vapour represent the fundamental link between the soil-vegetation system and the overlying atmosphere. The turbulent transport of water vapour is of special interest since it connects the energy and water cycles. Water availability at the soil/vegetation-atmosphere interface determines the consumption and redistribution of energy at the surface and hence controls the evolution of the atmospheric boundary layer (ABL, see, e.g., Betts et al. 1996; Ek and Holtslag 2004) with effects on the state of the atmosphere in general. The effect of land-surface heterogeneity combined with the heterogeneity of incoming radiation and precipitation at the surface can result in large spatial variations of the surface energy fluxes (e.g., Doran et al. 1992; Avissar and Schmidt 1998; Lyons and Halldin 2004 ).
An adequate description of the surface-atmosphere exchange processes in numerical weather prediction (NWP) and climate models is therefore fundamental for a reliable simulation of weather and climate conditions both at the surface and in the free atmosphere. However, considerable deficits still have to be acknowledged concerning our understanding and ability to properly describe these processes consistently over a variety of scales ranging from the local patch to the regional landscape scale. This holds in particular for heterogeneous land surfaces that are typical for most regions in Central Europe.
Contemporary regional weather and climate prediction models have a typical grid resolution of the order of 10 km in the horizontal dimension and consist of 30-50 atmospheric layers resulting in a vertical resolution of a few decametres close to the ground. The tendency is towards even finer grids. Grid size reduction makes the grid point model output more sensitive to a proper description of the surface characteristics and of the surface-atmosphere interaction processes. However, many flux parameterisation schemes currently used in NWP and climate models have been derived for models with a much coarser grid resolution assuming homogeneous surface cover within one grid cell. Over the last 15 years increasing efforts have been therefore devoted to the problem of taking into account the subgrid-scale land-surface heterogeneity by an appropriate averaging concept. Strategies suggested include, e.g., the use of effective parameters, the mosaic and tile approaches, or explicit subgrid schemes (e.g. Avissar and Pielke 1989; Avissar 1991; Lhomme et al. 1994; Mahrt 1996; Mölders et al. 1996; Giorgi and Avissar 1997; Schlünzen and Katzfey 2003) .
In 1995, the German Meteorological Service (Deutscher Wetterdienst, DWD) initiated the LITFASS project (LITFASS, 'Lindenberg Inhomogeneous Terrain-Fluxes between Atmosphere and Surface: a long-term Study') in order to develop and test a strategy for the operational determination of the area-averaged turbulent fluxes of heat, momentum, and water vapour over a heterogeneous landscape at the meso-γ scale (2-20 km). LITFASS combined measurements in the heterogeneous landscape around the Meteorological Observatory Lindenberg (MOL) with numerical model simulations using a large-eddy-simulation (LES) type high-resolution model (Beyrich et al. 2002a; Herzog et al. 2002) . A first field campaign, LITFASS-98, was carried out in the region around the MOL in May and June, 1998. LITFASS-98 added to a
